INTRODUCTION
Tanycytes are specialized glial cells lining the floor and lateral walls of the third ventricle behind the optic chiasm (Rodriguez et al., 2005; Prevot et al., 2018) . The small cell bodies of these cells form the ventricular wall, whereas their long basal processes project into the median eminence (ME) or into the neuropil of the arcuate, ventromedial, and dorsomedial hypothalamic nuclei (Rodriguez et al., 2005; Prevot et al., 2018) .
In the external zone of the ME, tanycyte processes terminate around the fenestrated capillaries of the hypophysial portal circulation and intermingle with the terminals of hypophysiotropic axons, suggesting that the tanycytes (b2 tanycytes) that project to the ME may be involved in the regulation of the neurohypophysial systems (Rodriguez et al., 2005; Prevot et al., 2018) . Indeed, a major role of tanycytes has been demonstrated in the regulation of the hypothalamic-pituitary-thyroid (HPT) axis by multiple mechanisms (Lechan and Fekete, 2007; Rodriguez-Rodriguez et al., 2019) . As tanycytes are the primary hypothalamic cell types that express the thyroid hormone activating enzyme, type 2 deiodinase (D2), these cells can regulate the activity of hypophysiotropic thyrotropin-releasing hormone (TRH) synthesizing neurons by controlling the hypothalamic availability of T3, the active form of thyroid hormones that can effectively bind to the nuclear receptors and suppresses TRH release (Fekete and Lechan, 2014) . For example, endotoxin-induced increase of tanycyte D2 activity has a critical role in the development of central hypothyroidism (nonthyroidal illness syndrome) (Fekete et al., 2005; Freitas et al., 2010) . Tanycytes also express the TRH-degrading ectoenzyme (TRH-DE) (Sanchez et al., 2009) , providing a mechanism by which they can control the amount of TRH reaching the pituitary by degrading the tripeptide in the extracellular space of the external zone of the ME.
We recently observed that large number of hypophysiotropic axon terminals in the external zone of the ME contain type 1 cannabinoid receptor (CB1) (Wittmann et al., 2007) , raising the possibility that endocannabinoids may also regulate the release of hypophysiotropic hormones in the ME. In most cases, endocannabinoids are released from postsynaptic neurons and act on CB1 receptors located on presynaptic axon terminals (Piomelli, 2003; Kano et al., 2009) . The external zone of the ME houses very few neuronal perikarya, and endocannabinoids can travel only very short distances in the brain (Regehr et al., 2009 ) supporting a glial origin of endocannabinoids in this brain region. Therefore, we hypothesized that tanycytes, the most abundant glial cell type of the ME, may control the release of hormones, including TRH, from the hypophysiotropic axon terminals of the ME via the endocannabinoid system. In addition to TRH, hypophysiotropic TRH axons also release glutamate (Hrabovszky et al., 2005) . Since tanycytes express glutamate receptors (Eyigor and Jennes, 1998; Kawakami, 2000) , and glutamate is known to regulate endocannabinoid synthesis and release (Katona et al., 2006) , we further hypothesized that glutamate release from hypophysiotropic axon terminals signal toward the tanycytes, establishing a local regulatory microcircuit between TRH axons and tanycytes in the external zone of the ME.
To test these hypotheses, we determined whether the tanycytes can control the release of TRH from hypophysiotropic terminals in the ME by utilizing the endocannabinoid system and whether glutamate released from axon terminals of hypophysiotropic TRH neurons regulates b-tanycytes of the ME.
RESULTS

Expression of CB1 in Hypophysiotropic TRH Neurons of Mice
To determine whether the hypophysiotropic TRH neurons express the CB1 receptor, double-labeling in situ hybridization was performed. CB1 mRNA was observed in the majority of neurons in the hypothalamic paraventricular nucleus (PVN) where the perikaryon of the hypophysiotropic TRH neurons reside; however, the intensity of the hybridization signal was much lower than that observed in cortical or hippocampal areas. Analyses of the double-labeled sections showed that silver grains denoting CB1 mRNA were observed above 73.4 G 1.5% of the TRH neurons in the PVN ( Figure 1A ). In addition, double-labeling immunofluorescence showed that punctuate CB1-immunoreactive signal was present in the majority of TRH-IR axon varicosities in the external zone of the ME suggesting that the hypophysiotropic TRH axons are sensitive to endocannabinoid signaling ( Figure 1B ).
DAGLa-Immunoreactivity Is Present in Tanycytes in the ME and Associated with CB1-IR TRH Axons in Mice
To determine the cell type that releases endocannabinoids in the ME, the localization of diacylglycerol lipase a (DAGLa), the synthesizing enzyme of one of the main endocannabinoids, 2-arachinodonoylglycerol (2-AG), was studied. At light microscopic level, DAGLa-immunoreactivity was observed in tanycyte cell bodies lining the floor (b2 tanycytes) and the lateral evagination (b1 tanycytes) of the third ventricle (Figure 1C) . In addition, DAGLa-immunoreactivity was also observed in processes running toward the capillary plexus of the external zone of the ME ( Figure 1D ), reminiscent of the distribution of the b-tanycyte basal processes. Colocalization of DAGLa-immunoreactivity and the ZsGreen fluorescence in Rax/CreERT2// Gt(ROSA)26Sor_CAG/LSL_ZsGreen1 mice where the green fluorescence labels the tanycytes demonstrate that DAGLa is indeed present in tanycytes ( Figure 1E ).
Immunoelectron microscopy also demonstrated DAGLa immunoreactivity to be present in tanycyte cell bodies and processes in the ME. In the external zone of the ME, DAGLa-IR endfeet processes of b2-tanycytes were closely associated with axon terminals of hypophysiotropic neurons ( Figures 1F and 1G) . Triplelabeling immunofluorescence demonstrated that axon terminals containing both TRH immunoreactivity and punctate immunofluorescence labeling the CB1 immunoreactivity are closely associated to DAGLa-IR tanycyte processes ( Figure 1H ).
Endocannabinoids Tonically Inhibit TRH Release from the ME in Rats
To determine whether endocannabinoids affect basal TRH release, ME explants were treated with the CB1 antagonist, AM251, or CB1 agonist, WIN55,212-2, in the presence of a TRH-degrading enzyme (TRH-DE) inhibitor. AM251 stimulated TRH release causing an approximately 2-fold increase in the TRH concentration of the ME explant supernatant (p < 0.05; Figure 2A ). The CB1 agonist, however, had no effect (p = 0.48; Figure 2A ). To test the hypothesis that the exogenous CB1 agonist was ineffective because of saturation of CB1 by its endogenous ligand, the effect of WIN55,212-2 was tested in the presence of the DAGLa inhibitor, tetrahydrolipstatin (THL). Treatment of the explants with THL caused an increase in TRH release (p < 0.01), whereas the CB1 agonist decreased THL-induced TRH release (p < 0.05; Figure 2B ).
These data demonstrate that endocannabinoids inhibit TRH release in the ME and there is a tonic, endocannabinoid-induced inhibition of TRH release in the ME explants.
b2-Tanycytes Express Glutamate Receptors and Glutamate Transporters in Mice
To determine whether glutamate and TRH released from the hypophysiotropic TRH axons influence b2-tanycytes, the expression of the glutamate receptor subunits, glutamate transporters, and TRH receptors was studied in b2-tanycyte cell bodies isolated by laser capture microdissection (Table 1) . A high level of SLC1A3 (EAAC1/EAAT3) glutamate transporter mRNA and low level of SLC1A1 (GLAST/EAAT1) and SLC1A2 (GLT-1/EAAT2) mRNA was detected in b-tanycytes, whereas SLC1A6 (EAAT4) and SLC1A7 (EAAT5) glutamate transporters were not expressed.
Among the AMPA receptor subunits, mRNA of GRIA1 and GRIA2 was observed. GRIK3 was the kainite subunit with the highest expression, followed by GRIK2,4,5 that, although low, was still detectable. GRIN3A was the only NMDA receptor subunit and GRM4 the only metabotropic glutamate receptor detected in Figure 1 . Elements of the Endocannabinoid System Are Present in the Hypophysiotropic TRH Neurons and in the Tanycytes in the External Zone of the ME (A) Double-labeling in situ hybridization demonstrates that the majority of TRH neurons (red) in the PVN express CB1 mRNA labeled by the presence of silver grains. Arrowheads point to double-labeled neurons expressing both TRH and CB1 mRNAs. Inset illustrates double-labeled neurons at higher magnification (arrowheads). (B) Double-labeling immunocytochemistry demonstrates the presence of CB1 immunoreactivity (red dots) in TRH-IR hypophysiotropic axon varicosities (green) in the external zone of the ME. The CB1 immunoreactivity within the TRH axons appear yellow owing to the color mixing. (C) High level of DAGLa immunoreactivity is present in tanycyte cell bodies lining the floor of the third ventricle and the wall of the lateral evaginations. Dense DAGLa-IR fiber network is also present in the median eminence. (D) Higher-magnification image illustrates that the DAGLa-IR fibers run perpendicular to the surface of the median eminence. (E) DAGLa immunofluorescence (red) in tanycyte processes where the green fluorescent protein labels the tanycytes. The spotted DAGLa immunofluorescence can be observed along the tanycyte processes. (F and G) Ultrastructural images demonstrate that the DAGLa immunoreactivity (labeled by silver grains) is present in tanycyte endfeet processes terminating around portal capillaries. (H) The CB1-containing (red) TRH-IR (green) axon varicosities are closely associated to DAGLa-IR (blue) tanycyte processes. Scale bars, 100 mm in (A) and (C), 10 mm in inset and (B), 50 mm in (D), 10 mm in (E), 0.5 mm in (G) that corresponds to (F) and (G), and 5 mm in (H). Abbreviations: III, third ventricle; a, axon varicosity; pc, portal capillary; T, tanycyte endfeet. See also Figure S1 . b2-tanycytes, but both had relatively low expression level. Expression of TRH receptors was not detected in the b2-tanycytes.
These data suggest that glutamate effects on b2-tanycytes occur primarily via AMPA and kainate receptors and the glutamate transporter, SLC1A3.
Glutamate Induces Depolarization of the Membrane Potential of b2-Tanycytes in Mice
To elucidate the effect of glutamate on the b2-tanycytes, patch clamp electrophysiology was performed. The membrane potential of the b2-tanycytes was À77.52 G 0.47 mV (n = 83) under control conditions. Four different glutamate concentrations were applied to the cells, each causing dose-dependent depolarization of b2-tanycytes (glutamate treatments induced change of membrane potential: control: 0.25 G 0.42 mV, n = 6; 250 mM: 4.29 G 0.46 mV, n = 11, p = 0.038; 500 mM: 7.53 G 0.99 mV, n = 12, p < 0.001; 750 mM: 8.59 G 0.94 mV, n = 8, p < 0.001; and 1,000 mM: 6.85 G 0.83 mV, n = 6, p < 0.001; Figure 3A ). Treatment with 250 mM glutamate caused a significant depolarization, but significantly less than the treatment with 500 mM glutamate (p = 0.049). As 500 mM had similar effect as that of 750 and 1,000 mM concentrations, 500 mM was selected for further studies.
To exclude the possibility that the effect of glutamate was mediated by tetrodotoxin (TTX; a sodium-channel blocker aimed to inhibit action potential) insensitive release of transmitters from non-tanycyte cell types of the ME, an outside-out patch clamp experiment was performed. Glutamate treatment caused large inward currents (À181.29 G 28.43 pA, n = 4, p < 0.01) ( Figure 3B ) even when the tanycyte cell body was displaced into the third ventricle. The effect of glutamate disappeared during the washout period, indicating that the observed effect of glutamate was exerted directly on the b2-tanycytes.
In contrast to glutamate, TRH had no effect on the membrane potential of tanycytes even in a relatively high concentration (1mM; N = 12; Figure S2 ).
Functional AMPA, Kainate, and GRM4 Receptors Are Present on b2-Tanycytes in Mice
To investigate the receptor types that mediate glutamate-induced depolarization of b2-tanycytes, the effects of glutamate receptor agonists were studied. Similar to glutamate, both AMPA (100 mM; Figure 2 . Effects of Pharmacological Manipulation of the Endocannabinoid System on TRH Release from Median Eminence Explants (A) TRH recovered from median eminence explants incubated in ACSF containing the TRH-DE inhibitor, P-TRH (200 nM), was measured by RIA. WIN 55,212-2 (1 mM; N = 4) had no effect on the TRH release of the median eminence explants, whereas AM251 (1 mM; N = 5) induced a 2-fold increase of TRH release (N Control = 4). (B) To determine whether the absence of CB1 agonist effect is due to saturation of CB1 by endogenous cannabinoids in the explants, the DAGLa inhibitor tetrahydrolipstatin (THL) was used to inhibit endocannabinoid synthesis. THL caused a marked increase of TRH release (N = 5). Although WIN 55,212-2 alone had no effect on TRH release (N = 6), it significantly decreased TRH release when 2-AG synthesis was blocked by THL (N = 7) indicating that a tonic endocannabinoid release inhibits TRH release from axons of the median eminence (N Control = 6). Data are presented as percentage of control group and as mean G SEM (N = 5). Data were analyzed by one-way ANOVA and Tukey post hoc test. * significantly different from control, *p < 0.05, **p < 0.01; # significantly different from THL treated group (p < 0.05). The amount of TRH released during 2 3 10 min by the control groups was 80 G 4 pg and residual intracellular TRH was 1860 G 40 pg/2 ME explants. There was no difference in residual intracellular TRH between control and drug-treated groups. Abbreviations: WIN, WIN55,212-2; THL, tetrahydrolipstatine. 5.37 G 1.09 mV; n = 8, p < 0.001; Figure 3C ) and kainate (125 mM; 8.04 G 2.08 mV, n = 7, p < 0.001; Figure 3D ) markedly depolarized the b-tanycytes. Bath application of the AMPA and kainate receptor antagonist, DNQX (500 mM), prevented these effects (Figures 3C and 3D) .
Expression in Beta Tanycytes
In contrast to AMPA and kainate, NMDA had no effect on the membrane potential of tanycytes, even at high concentration (0.5 mM: 1.41 G 0.65 mV, n = 3, p = 0.42 and 4 mM: 2.12 G 0.3 mV, n = 3, p = 1.00. Figure S3 ). Administration of the GRM4 agonist VU 0155041 caused a small, but significant, hyperpolarization (1 mM; À1.48 G 0.54 mV, n = 10, p < 0.01) of the membrane potential of b2-tanycytes ( Figure S3F ) indicating that it is unlikely that activation of GRM4 contributes to the glutamate-induced depolarization of tanycytes.
Glutamate Depolarized the b2-Tanycytes via Both AMPA and Kainate Receptors and Also by TBOA-Sensitive Glutamate Transport in Mice
To determine whether the effect of glutamate on the membrane potential of b2-tanycytes is mediated exclusively via AMPA and kainate receptors, hypothalamic slices were treated with glutamate in the presence of DNQX. Inhibition of the kainate and AMPA receptors caused a significant but only partial inhibition of the b2-tanycytes (glutamate: 9.18 G 1.55 mV, n = 9, p < 0.001 versus control; glutamate + DNQX: 5.23 G 1.24 mV, p < 0.001 versus control and p = 0.019 versus glutamate; Figure 3F ). Therefore, we determined whether glutamate transport also contributes to the glutamate-induced depolarization. Similar to DNQX, the glutamate transporter inhibitor TBOA caused a partial inhibition of the glutamate-induced depolarization (glutamate + TBOA: 4.68 G 0.91 mV, n = 9, p = 0.001 versus control and p = 0.002 vs. glutamate; Figure 3E ). However, the combination of DNQX and TBOA completely blocked the effect of glutamate (0.40 G 0.61 mV, n = 9, p = 1.00 versus control and p < 0.001 vs. glutamate; Figure 3E ), demonstrating that glutamate depolarizes the tanycytes via a combination of AMPA and kainate receptor-mediated effects and glutamate transport.
The Effect of TRH Axon Activation on Tanycytes Is Mediated Partially by Glutamate in Mice
Optogenetic activation of the axon terminals of the TRH neurons around the endfeet processes of b2-tanycytes in the external zone of the median eminence consequently caused a 0.75 G 0.14 mV (p < 0.001) depolarization of the patched b2-tanycyte cell bodies in the ventricular wall of the ME (Figure 4 ). The peak of the depolarization was reached 51.74 G 2.93 ms after the start of the optogenetic activation; the velocity of this depolarization was 0.016 G 0.005 mV/ms. Examination of the first derivative (dV/dt) of the membrane potential showed two peaks, suggesting that the repolarization has two phases ( Figure 4C ). The fast depolarization was followed by a fast À0.29 G 0.09 mV repolarization with 126.66 G 10.73 ms decay time and then by a very slow repolarization (decay time: 3,127.60 G 446.29 ms). This suggested that the TRH axons may influence tanycytes by the release of at least two different compounds: a fast-acting transmitter and a transmitter with long-lasting effect. Simultaneous administration of DNQX and TBOA markedly decreased the optogenetic activation-induced depolarization of tanycytes (0.32 G 0.08 mV; p < 0.01; Figure 4 ). The velocity of this depolarization was significantly lower than the velocity of depolarization induced by glutamate alone (0.004 G 0.002; p < 0.05; Figure 4E ). The first derivative (dV/dt) of the membrane potential had only one peak ( Figure 4C ) in the presence of antagonists, indicating that this effect has only one phase. The two antagonists prevented the first fast phase. These data demonstrate that the TRH axons influence the tanycytes with a fast-acting transmitter, glutamate, and also by a currently unknown transmitter(s) with longer-lasting effect.
Optic stimulation of slices from TRH-IRES-tdTomto mice where the TRH axons expressed tdTomato (but did not express channelrhodopsin) had no effect on the membrane potential of tanycytes ( Figure 4B ). Genes were considered to be expressed in b-tanycytes if the DCT value was lower than the DCT of GRM5. See also Figure S4 and Table S1 .
Effect of Glutamate and TRH on the Intracellular Ca 2+ Levels of Tanycytes in Mice
As increase of intracellular Ca 2+ levels is a crucial signal to increase DAGla activity (Piomelli, 2003) , the effect of glutamate was studied on the intracellular Ca 2+ level of b2-tanycytes. Glutamate treatment (500 mM) caused a robust increase of fluorescent intensity values (FIV) of b2-tanycytes (baseline: 189.19 G 26.52 treatment: 416.13 G 31.28; p < 0.001; N cell = 56) increasing it to 219.95 G 27.66% of the baseline values ( Figure 5 ). To determine whether similar to the effect of glutamate on the membrane potential of tanycytes, the effect of glutamate on the intracellular Ca 2+ level can also be blocked by inhibition of AMPA and kainite receptors and glutamate transport, we administered DNQX (0.5 mM) and TBOA (1 mM) during the glutamate treatment. Application of these inhibitors completely prevented the increase of FIV (baseline: 242.13 G 28.06 treatment: 250.27 G 28.67; Ncell = 79; p = 0.99) ( Figure 5 ). The lower graphs illustrate the first derivative (dV/dt) of the membrane potential changes. The two peaks of the dV/dt of the control trace suggest that the optic stimulation-induced membrane potential change has two phases under control conditions: an initial fast phase including a fast depolarization and a fast repolarization followed by a long-lasting phase of slow repolarization. When inhibitors are applied, the membrane potential change has only a single phase and markedly decreased amplitude. The overlay of the two traces indicates that the speed of depolarization is markedly decreased in the presence of DNQX and TBOA. Bar graphs summarize the effects of activation of TRH axons on the peak amplitude of membrane potential (D) and the depolarization velocity (E) under control condition and when the cells are treated with DNQX + TBOA. Data are expressed as mean G SEM and were analyzed with paired Student's t test. * significantly different (p < 0.05).
To test whether the main transmitter of the hypophysiotropic TRH neurons can influence the intracellular Ca 2+ level of b2 tanycytes, the effects of TRH and its combination with glutamate were tested ( Figure 5 ). TRH treatment (5 mM) caused no significant changes either in the FIV of b2-tanycytes (control: 187.46 G 30.58 treatment: 186.71 G 30.42) or in the percentage values of FIV (99.79 G 0.30%) when compared with the control, baseline values (p = 0.9; N cell = 34).
Treatment of b2-tanycytes with the combination of TRH + Glutamate (5 and 500 mM, respectively) caused a robust increase of FIV (control: 154.70 G 26.09, treatment: 323.85 G 34.68) increasing it to 209.34 G 16.88% of the baseline values (p = 0.002; N cell = 37). The effect of combined TRH + glutamate treatment, however, did not differ from the effect of treatment with glutamate alone (p = 0.99).
A positive allosteric modulator of GRM4 receptor VU0155041 (1.5 mM) caused no significant changes either in the FIV of b2-tanycytes (control: 76.01 G 16.56, treatment: 77.13 G 16.43) or the percentage values (102.90 G 1.39%) when compared with the control, baseline values (p = 0.9; N cell = 21).
Effect of the Inhibition of Glutamate Action on the 2-AG Content of the Rat Median Eminence Explants
To determine whether endogenous glutamate can stimulate the 2-AG synthesis of tanycytes, the effect of glutamate receptor and transporter inhibitors was studied on the 2-AG content of ME explants. The 2-AG content of control ME explants was readily detected (0.54 G 0.08 ng/mg tissue). Simultaneous inhibition of AMPA and kainate receptors and the TBOA-sensitive glutamate transporters caused an approximately 50% decrease of the 2-AG content of the ME explants (0.29 G 0.03 ng/mg tissue; p = 0.01) suggesting that endogenous glutamate stimulates 2-AG synthesis in tanycytes.
DISCUSSION
Endocannabinoids are well known as retrograde transmitters used by neurons to control their own neuronal inputs (Mayer et al., 1984;  Ohno-Shosaku and Kano, 2014). In the current manuscript, however, we demonstrate that the b-tanycytes of the ME also utilize endocannabinoids to regulate TRH release from hypophysiotropic neurons.
To establish the importance of the endocannabinoid system in regulating hypophysiotropic TRH neurons, we demonstrated that the majority of TRH neurons in the PVN expresses CB1 mRNA and that CB1 protein is present on the axon varicosities of the hypophysiotropic TRH neurons that terminate around the portal capillaries in the external zone of the ME. This observation is especially intriguing as only very few neuronal perikarya are present in the ME and the majority are located in the subependymal zone (Rethelyi, 1975) . Thus, neurons are virtually absent from the external zone of the ME. As endocannabinoids can travel only extremely short distances in the neuropil before degradation (Regehr et al., 2009) , the lack of neurons in the external zone of the ME excludes a neuronal origin of endocannabinoids to act on CB1 on hypophysiotropic axon terminals.
The main endocannabinoid that acts on CB1 is 2-AG and synthesized by DAGLa . DAGLa-immunoreactivity was observed in cell bodies and basal processes of b-tanycytes in the ME. Immunoelectron microscopy further established the presence of DAGLa in b-tanycytes and demonstrated its location not only in tanycyte cell bodies, but also in their basal processes with high concentrations in the endfeet processes around portal capillaries. This is in contrast to the data of Suarez et al. (2010) , who observed DAGLa immunoreactivity only in the apical part of tanycyte cell bodies.
To determine whether the reason of this discrepancy may be species difference, DAGLa immunostaining was performed in the ME of rats. Similar to the observation of Suarez et al. (2010) , we observed strong DAGLa immunoreactivity in the cell bodies of tanycytes in the ME, and we also observed DAGLa immunoreactivity in the basal processes of tanycytes, indicating that DAGLa is present in tanycyte processes in both species. The absence of DAGLa immunoreactivity in the ME of DAGLa knockout (KO) mice clearly demonstrates the specificity of our findings. We observed CB1-IR varicosities closely associated to DAGLa-IR tanycyte processes in the external zone of the ME and, specifically, CB1-IR TRH varicosities in juxtaposition to DAGLa-IR tanycyte processes. Thus, tanycytes are in position to regulate TRH release from hypophysiotropic axon terminals in the ME.
In agreement with the morphological findings, the CB1 antagonist, AM251, increased the amount of TRH released from ME explants indicating a tonic inhibitory effect of endocannabinoids on the release of TRH. Surprisingly, incubation with the CB1 agonist WIN55,212-2 had no effect on TRH release from ME explants. However, when endocannabinoid synthesis was inhibited by THL, TRH release from the explants increased and this was prevented by WIN55,212-2. We presume that tanycytes may tonically release high concentrations of endocannabinoids in ME explants that are sufficient to saturate CB1 receptors in hypophysiotropic TRH terminals; therefore, a further increase in agonist activity by WIN55,212-2 would not be expected to influence TRH release. This hypothesis is supported by the observation that, when the synthesis of endocannabinoids is blocked in the ME explants, the lower occupancy of CB1 receptors permits CB1 agonist-induced inhibition of TRH release, further demonstrating the key and dynamic role of tanycytes in the regulation of the HPT axis.
In contrast to the inhibitory effect of endocannabinoids on the TRH release, PGE2 has been shown to cause retraction of tanycyte processes allowing access of hypophysiotropic axons to capillaries, thus facilitating hormone release (de Seranno et al., 2010) . Intriguingly, the synthesizing enzymes of PGE2, cyclooxygenase (COX)-1 and COX-2, are synthesized in tanycytes (de Seranno et al., 2010) , and arachidonic acid (AA) is similarly necessary for the synthesis of endocannabinoids and PGE2 (Malcher-Lopes and Buzzi, 2009). In the immune system, humoral signals can shift the balance between the endocannabinoid and prostaglandin system that plays, for example important role in the mediation of the effects of glucocorticoids (Malcher-Lopes and Buzzi, 2009). Thus, it is feasible to hypothesize that humoral signals may also regulate the balance of these two antagonistic signaling systems in the tanycytes to cause simultaneous regulation of hormone release and capillary access of hypophysiotropic terminals. However, this hypothesis requires further studies.
In neuronal circuits, glutamate is an important driving force of endocannabinoid synthesis (Piomelli, 2003) . Presynaptically released glutamate binds to Grm1 and Grm5, and the activation of these metabotropic glutamate receptors stimulate the DAGLa via an increase in intracellular Ca 2+ levels (Katona et al., 2006; Piomelli, 2003) . In the external zone of the ME, there are no synapses between TRH axons and tanycyte processes, but glutamate that is released from the hypophysiotropic TRH axons (Hrabovszky et al., 2005) into the extracellular space is well positioned to influence tanycytes due to the close juxtaposition of the two cells. Our in situ hybridization data indicated that Grm1 and Grm5 are not present in tanycytes, but kainate and AMPA receptor subunits have been previously described in b-tanycytes (Kawakami, 2000; Eyigor and Jennes, 1998) . In agreement with these findings, we detected the GRIA1 and GRIA2 AMPA receptor subunits and the GRIK3 kainate receptor subunit as the glutamate receptor subunits expressed in b-tanycytes. The GRIK2, GRIK4, and GRIK5 kainate receptor subunits and mGLU4 are also expressed, but at a much lower level. In contrast, expression of NMDA and the other metabotropic glutamate receptor subunits was barely detectable.
The presence of glutamate receptor subunits in b-tanycytes strongly suggested that glutamate influences b-tanycytes. Indeed, patch clamp electrophysiology experiments showed that the administration of glutamate dose-dependently depolarizes b-tanycytes. Similarly, kainate and AMPA also depolarized b-tanycytes, suggesting the importance of AMPA and/or kainate receptors in the mediation of the glutamate-induced regulation of tanycytes. Inhibition of these receptors, however, only partially inhibited glutamate-induced depolarization. Administration of GRM4 agonist caused a small hyperpolarization of b-tanycytes excluding the possibility that this receptor could be involved in the mediation of glutamateinduced depolarization of tanycytes. Since in addition to the receptor-mediated effect, glutamate also causes depolarization by uptake of glutamate via specific glutamate transporters (Kim et al., 2008) , we tested the presence of glutamate transporters in b-tanycytes. A high level of expression of the glutamate transporter SLC1A3 was observed in b-tanycytes. Accordingly, simultaneous inhibition of AMPA and kainate receptors and glutamate transporters completely blocked the glutamate-induced depolarization of b-tanycytes. Thus, the two ionotropic glutamate receptor types as well as the glutamate transporter are critical for the glutamate-induced regulation of this cell type.
To determine whether hypophysiotropic TRH axons can influence the b-tanycytes by glutamate release, an optogenetic experiment was performed. Using combined optogenetic activation of the hypophysiotropic TRH axons and the patch clamp recording of b2-tanycyte cell bodies, we showed that TRH axon activation causes a biphasic depolarization of tanycytes. The fast component of this depolarization can be prevented by administration of DNQX and TBOA demonstrating that the fast component of this depolarization is caused by glutamate release of the TRH axons. The slower and more prolonged component of the tanycyte depolarization was not influenced by glutamate inhibitors suggesting that the TRH axons also use other transmitters to influence tanycytes.
As peptides could have longer-lasting effect compared with glutamate and the work by Muller-Fielitz et al.
(2017) showed that TRH increases the intracellular Ca 2+ level of b-tanycytes via TRHR1, we hypothesized that this long-lasting effect could be due to the TRH release of hypophysiotropic axons. Owing to the lack of TRH antagonists, we tested the effect of TRH on the membrane potential of tanycytes. Administration of a relatively high TRH dose (1 mM), however, had no effect on the membrane potential of tanycytes. TRH also did not have effect on the intracellular Ca 2+ level of tanycytes, and we could not detect expression of any TRH receptor in the transcriptome of tanycytes isolated by laser capture microdissection. Explanation for the discrepancy between these two observations is uncertain, but we note that Muller-Fielitz et al.
(2017) used an extremely high, pharmacological dose of TRH (30 mM) in their studies. Our data, however, exclude the possibility that activation of TRH axons causes the long-lasting depolarization of tanycytes via release of TRH. Further studies are needed to determine the mechanism of this effect.
The activation of TRH axons resulted in less depolarization of tanycytes than the administration of glutamate. We have to consider, however, that exogenous glutamate can act on the entire surface of tanycytes including their cell body, whereas transmitters released from the TRH axons can act only on the endfeet processes of tanycytes that are located far, approximately 80-100 mm, from the tanycyte cell bodies where the membrane potential was measured.
How depolarization regulates glial endocannabinoid synthesis is yet unknown, but an increase in intracellular Ca 2+ level is a well-known activator of DAGLa (Katona et al., 2006) . Using Ca 2+ imaging, we demonstrated that glutamate not only depolarizes b-tanycytes, but also increases the intracellular Ca 2+ level of these cells. This effect of glutamate was also blocked by inhibition of the AMPA and kainite receptors and glutamate transport indicating that glutamate influences the membrane potential and the intracellular Ca 2+ level of tanycytes via similar mechanisms. The effect of glutamate on the intracellular Ca 2+ level of tanycytes suggests that glutamate can stimulate the endocannabinoid synthesis of tanycytes. Indeed, inhibition of the AMPA and kainite receptors together with inhibition of glutamate transport markedly decreased the 2-AG content of the ME explants demonstrating that endogenous glutamate has a stimulatory effect on the 2-AG synthesis in the ME.
Regulation of TRH release by this novel neuroglial microcircuit utilizing endocannabinoids and glutamate may be important for regulating pulsatile TRH release by synchronizing the activity of hypophysiotropic axon terminals. However, in addition to the TRH-containing CB1-IR terminals, CB1 immunoreactivity is also present in the external zone of the ME in hypophysiotropic terminals other than the axons of hypophysiotropic TRH neurons, suggesting that regulation of hypophysiotropic terminals by tanycyte-derived endocannabinoids may play a more generalized role in the control of the neuroendocrine systems.
In summary, these data demonstrate that a regulatory microcircuit exists between b-tanycytes and hypophysiotropic TRH axons, utilizing the release of endocannabinoids and glutamate ( Figure 6 ). This circuit may contribute to controlling the release of TRH into the ME and may be an important mechanism to synchronize the activity of hypophysiotropic terminals.
Limitations of the Study
Although the morphological and electrophysiological experiments were done in mice, the explant experiments had to be performed in a different species, in rats, because of the very small volume of the mouse median eminence. The TRH axons release glutamate that stimulates the DAGLa activity of tanycytes, and therefore the 2-AG synthesis of these cells, by acting through kainite and AMPA receptors and glutamate transport and by the resulting increase of intracellular Ca 2+ level. The released endocannabinoids bind to the CB1 of the hypophysiotropic TRH axons and inhibit the amount of TRH released into the portal capillary.
METHODS
All methods can be found in the accompanying Transparent Methods supplemental file.
SUPPLEMENTAL INFORMATION
Supplemental Information can be found online at https://doi.org/10.1016/j.isci.2020.100921. The 18s ribosomal RNA, the actin beta (Actb), the glyceraldehyde-3-phosphate dehydrogenase (Gapdh) and the hypoxanthine-guanine phosphoribosyltransferase (Hprt) served as housekeeping genes. Diacylglycerol lipase alpha (Dagla) and Dio2 served as positive controls.
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Supplementary results
Presence of DAGLα in the tanycytes of the rat median eminence
Similarly to that observed in mice, DAGLα-immunoreactivity was observed in the cell bodies of tanycytes lining the ventricular wall of the median eminence (Fig. S1A ) and the basal processes of these cells. The cell bodys of these tanycytes had, however, stronger DAGLαimmunoreactivity than the cell bodies of tanycytes in mice. In addition, the γ-tanycytes, that are located in the external zone of the median eminence (Wittmann et al., 2017) , were strongly labeled with DAGLα-immunoreactivity ( Fig. S1B )
Effects of NMDA and metabotropic glutamate receptor agonists on the β2 tanycytes of mice
As magnesium can block the NMDA receptors when the membrane potential is low, like the membrane potential of tanycytes, the effect of NMDA was also tested in voltage-clamp mode at -40 mV holding potential, where the NMDA receptors relieved from the magnesium block (Mayer et al., 1984) . However, NMDA had no effect on the β2-tanycytes even under this condition (control: 6.14±7.58 pA, n=3 vs. 0.5 mM NMDA: 13.43±15.66 pA, n=3, P=1.00; Fig.   S3 ) suggesting that the tanycytes do not have functional NMDA receptors.
Similarly, treatment of tanycytes with agonists of Type I (DHPG, used in mM: 0.1, 0.2, 1, 2 and 2.5; n=6), Type II (APDC, used in mM: 0.2, 2 and 2.5; n=5) metabotropic glutamate receptors had no effect on the membrane potential of β2-tanycytes (Fig. S3 ).
Grm1 and Grm5 mRNA levels are under the detection limit in tanycytes
While high level of Grm1 and Grm5 mRNA are detectable in the neuropil around the third ventricle, silver grains denoting the in situ hybridization signal were not observed above the cell bodies of tanycytes (Fig. S4) .
Transparent Methods
Animals
Adult, male CD1 mice weighing 28-32 g were used for the morphological studies. 
Generation of the TRH-IRES-Cre mouse line
An IRES Cre-recombinase cassette was inserted into the mouse TRH locus using CRISPR/Cas9 on an FVB.129P2-Pde6b + Tyr c-ch/ AntJ (FVB/Ant) background. This was performed by the modification of the targeting construct that was recently used to create the TRH-IRES-tdTomato mouse using 1473 bp long 5' and the 1375 bp long 3' TRH arms (Varga et al., 2019) . The targeting construct was cut with by EcoRI and NotI to remove the TdTomato cassette. A Nuclear Localization Signal (NLS) containing Cre-recombinase encoding cassette was generated with Vent PCR on a Turbo-Cre plasmid (kindly porvided by Dr Ley (Revell et al., 2005) ). (sense oligo: ggaattcactATGCCCAAGAAGAAGAGGAAGGTGTCCAATT; antisense oligo: ataagaatgc ggccgc CTAATCGCCATCTTCCAGCAGGCGCA) followed by the insertion of the NLS-Cre cassette between EcoRI and NotI of the targeting construct. The construct was confirmed by sequencing.
Pronuclear microinjection was carried out on fertilized eggs of FVB/Ant mice, using of a single guide RNA with the target sequence of GGAGTAAGGTTAGAGTC and Cas9 mRNA (Trilink).
Founders were identified with PCR checking the insertion with outer and inner PCR oligos (outer antisense: CTTCCATGAGAGGAGTATTTATCA; NLS-Cre sense1:
GCTGGAAGATGGCGATTAG; NLS-Cre sense2: GAAGCAACTCATCGATTGATT).
A founder with a single copy of the targeting cassette was selected for breeding.
Heterozygote F1 animals were crossbred with littermate animals of identical genotype. Mice were bred and maintained as homozygous colonies.
Tissue fixation and preparation for morphological studies
For morphological studies the animals were anaesthetized with a mixture of ketamine and xylazine (ketamine 50 mg/kg, xylazine 10 mg/kg body weight, i.p.) and perfused transcardially with fixative solution. The details of tissue fixation and tissue preparation are described below.
For in situ hybridization (N=4), mice were perfused transcardially with 10 ml 0.01 M phosphate-buffered saline pH 7.4 (PBS), followed by 50 ml 4% paraformaldehyde in 0.1 M phosphate buffer pH 7.4 (PB) (all solutions were RNAse-free). The brains were rapidly removed and were cryoprotected in 20% sucrose in 0.01 M PBS overnight at 4 o C. The brains were then snap frozen with powdered dry ice and stored at -80 o C until used.
For light microscopy, the anaesthetized mice (N=9) and rats (N=3) were perfused transcardially with 10 ml 0.01 M PBS, followed by 50 ml 4% paraformaldehyde in 0.1M PB or by 150 ml 4% paraformaldehyde in 0.1M PB, respectively. The brains were rapidly removed and were cryoprotected in 30% sucrose in 0.01 M PBS overnight at room temperature (RT). The brains were then snap frozen with powdered dry ice and stored at -80 o C until used.
For electron microscopy (N=3), the anaesthetized animals were perfused transcardially with 10 ml 0.01 M PBS, followed by 50 ml 4% acrolein in 2% paraformaldehyde in 0.1 M PB.
For light microscopic immunocytochemistry or for immunofluorescence, serial, 25 µm thick coronal sections were cut through the median eminence (ME) using freezing microtome (Leica Microsystems, Wetzlar, Germany). Series of sections, obtained at 100 μm intervals, were collected into antifreeze solution (30% ethylene glycol; 25% glycerol; 0.05 M PB) and stored at -20 °C until their use for immunohistochemistry. The sections were then pretreated first with 0.5% Triton X-100 and 0.5% H2O2 in 0.01 M PBS for 15 min. Nonspecific antibody binding was blocked with treatment in 2% normal horse serum (NHS) in PBS for 20 min at room temperature (RT).
For ultrastructural studies, serial 25 µm thick coronal sections were cut on a Leica VT 1000S vibratome (Leica Microsystems, Wetzlar, Germany) through ME. The sections were treated with 0.5% H2O2 in PBS for 15 min, cryoprotected in 15% sucrose in PBS for 15 min at RT and in 30% sucrose in PBS overnight at 4 °C. Then, the sections were quickly frozen over liquid nitrogen and thawed. This cycle was repeated three times to improve antibody penetration.
Single-labeling immunocytochemistry for DAGLα
One-in-four series of sections from each brain and sections from 2 DAGLα mice were incubated in guinea-pig anti DAGLα serum (Keimpema et al., 2013) at 1:500 dilutions in 2% NHS overnight at RT. Then, sections were incubated in a biotinylated donkey anti guinea-pig IgG (1:500, Jackson) in 2% NHS for 2 h. After washing steps in PBS and treatment with avidinbiotin-peroxidase complex (ABC 1:1000, Vector lab, Vectastain kit), the DAGLαimmunoreactivity was detected in Ni-DAB developer (0.05% DAB/0.15% Ni-ammoniumsulfate/0.005% H2O2 in 0.05 M Tris buffer, pH 7.6). Then, the sections were mounted onto glass slides and coverslipped with DPX mounting medium (Sigma). Immunoreaction signal was completely absent from the ME of DAGLα mice.
Detection of DAGLα-immunoreactivity in the tanycytes of the ME in mice and rats
To detect the tanycytes in the median eminence of mice Rax/CreERT2 mice (Gift from Dr
Blackshaw ) were crossed with Gt(ROSA)26Sor_CAG/LSL_ZsGreen1 mice (Jackson Laboratoratory, Bar Harbor, ME). The ZsGreen1 expression of tanycytes was induced in the resulted double transgenic Rax/CreERT2//Gt(ROSA)26Sor_CAG/LSL_ZsGreen1 mice by tamoxifen treatment. Tamoxifen (175 mg/kgBW) dissolved in corn oil was administered daily for 4 days by oral gavage. The day after the last tamoxifen treatment, the mice were anaesthetized, perfused transcardially with 4% PFA and the brains were sectioned with freezing microtome as described above. After pretreatment, one-in-four series of sections from each brain were incubated in rabbit anti-DAGLα antibody (Katona et al., 2006) in 2µg/ml concentration overnight at RT. Then the sections were incubated in Alexa 555-conjugated donkey anti rabbit IgG (1:500, Invitrogen) for 2h, mounted onto glass slides and coverslipped with Vectashield mounting medium (Vector).
Single-labeling immuno-electron microscopy using silver-intensified Ni-DAB chromogen
One-in-four series of pretreated sections from each brain were incubated in guinea-pig anti DAGLα serum at 1:500 dilution in 2% NHS for 4 days at 4 °C. After rinsing in PBS, the sections were incubated in biotinylated donkey anti-guinea-pig IgG (1:500, Jackson) diluted in 2% NHS for 2 h at RT, followed by treatment in ABC (1:1000, Vector lab) . The DAGLαimmunoreactivity was NiDAB developed. The resultant reaction product was silver-goldintensified using the Gallyas method (Liposits et al., 1982) . The sections were osmicated for 1h at RT, and then treated with 2% uranyl acetate in 70% ethanol for 30 min. Following dehydration in an ascending series of ethanol and acetonitrile (Sigma Aldrich), the sections were flat embedded in Durcupan ACM epoxy resin (Sigma Aldrich) on liquid release agent (Electron Microscopy Sciences) coated slides and polymerized at 56 °C for 2 days. After polymerization, 60-70 nm thick ultrathin sections were cut with Leica ultracut UCT ultramicrotome (Leica Microsystems, Wetzlar, Germany). The ultrathin sections were mounted onto Formvar-coated, single slot grids, contrasted with 2% lead citrate (Sigma Aldrich, Hungary) and examined with a JEOL-100 C transmission electron microscope.
Specificity of the antibodies
The specificity of the goat anti-CB1 antibody was proved in CB1 KO animals (Hajos et al., 2000) , and the specificity of the rat anti-mouse proTRH 178-200 serum was demonstrated by double labeling immunofluorescence showing that the rat anti-mouse proTRH 178-200 antiserum and the sheep TRH antiserum had identical distribution . The specificity of the guinea-pig anti-DAGLα serum was established by the complete absence of the immunoreaction signal in the median eminence of mice when sections of DAGLα knock-out mice were used.
Double labeling in situ hybridization for TRH and CB1 mRNAs
Coronal, 20 µm thick sections were cut with a cryostat ( Both sides of the PVN from three sections of each brain containing the mid-level of PVN were imaged with a Zeiss AxioImager M1 microscope equipped with MRC5 digital camera (Carl Zeiss) using a 20X objective. Both darkfield and epifluorescent images of the same field were taken. The images were overlaid in Adobe Photoshop CS5 software (Adobe Systems Inc.). The ratio of red fluorescent TRH neurons that had accumulation of silver grains were counted.
Determination of the role of the endocannabinoid system in the regulation of TRH release in the ME
To understand the effects of endocannabinoids on the TRH release of median eminence explants, a total of 70 WISTAR rats were used in two independent experiments. Rats were individually transported from their nearby house-room to the procedural room and decapitated, by an experienced technician, with a sharp guillotine; between each killing the area was thoroughly cleaned. Each brain was excised from skull, taking care first to cut the optic nerve to preserve ME intact. Under a stereo microscope, the ME together with part of the arcuate nucleus was dissected. Explants were incubated as described (Joseph-Bravo et al., 1979) (Matziari et al., 2008) .
Explants were pre-incubated at 37 o C for 10 min. After preincubation, medium was replaced with 200 μl of ACSF-P-TRH and the drugs (Sigma-Aldrich) under study: CB1 antagonist, AM125 at 1 μM (Kola et al., 2008) ; CB1 agonist, WIN55,212-2 at 1 μM (Farkas et al., 2010) ;
DAGLα inhibitor, tetrahydrolipstatine (THL) at 10 μM (Farkas et al., 2010) ; either alone or combined as stated in Fig. 2 ; control medium was ACSF-P-TRH. Drugs were initially dissolved in DMSO (final concentration: 0.0025%). Explants were incubated for 10 min at 37 o C; then, 170 μl of medium were recovered into 800 μl of cold methanol. Another 200 μl of ACSF-P-TRH and respective drug was added and the explants incubated 10 more min at 37 o C;
afterwards a 170 μl aliquot of medium was recovered into 800 μl of cold methanol. Tubes containing medium/methanol were kept overnight at -20 °C, centrifuged at 12100 g for 30 min
at 4 o C and supernatant evaporated. Residues were resuspended in 90% methanol, kept overnight at -20 °C, centrifuged, supernatant evaporated and TRH quantified by radioimmunoassay (RIA) using the R2 antibody (Joseph-Bravo et al., 1979) . The amount of TRH detected in the two subsequent incubates was added, and the average quantity detected in control tubes considered 100%; each value was calculated as % of control. The explant was recovered and extracted as reported to determine the residual intracellular level of TRH (Joseph-Bravo et al., 1979) .
Determination of the role of endogenous glutamate in the regulation of 2-AG content of the ME
To elucidate the effect of glutamate on the 2-AG content of the median eminence, 14 Sprague-Dawley rats were used. ME explants were prepared as described above. One explant was placed in each microcentrifuge tube containing 300 μl of Hank's solution saturated with 95% O2/5% CO2, kept at on ice until end of dissections (max. 40 min); medium was then replaced with 200 μl fresh ACSF saturated with 95% O2/5% CO2. Explants were pre-incubated at 37 o C for 10 min. After preincubation, medium was replaced with 200 μl of ACSF+1%DMSO or 200 μl of ACSF+1% DMSO containing the mixture 500 µM DNQX and 1mM TBOA to block the effects of glutamate on the tanycytes. After 10 min incubation, 170µl solution was removed and replaced with 200µl similar solution. All solutions were saturated with 95% O2/5% CO2.
After additional 10 min incubation, all solutions were removed and the ME samples were frozen on powdered dry ice.
To measure endocannabinoid levels, we used a PerkinElmer Life and Analytical Sciences HPLC Series 200 system, which was coupled to an Applied Biosystems/Sciex 4000 QTRAP triple quadrupole/linear ion trap tandem mass spectrometer operated in positive electrospray ionization mode. The electronspray ionization ion source parameters were set as follows:
curtain gas, 10; ion spray voltage, 5000 V; temperature, 500°C; collisionally activated dissociation gas, medium; gas 1, 50; gas 2, 40. Chromatographic separation was achieved with a Phenomenex Kinetex C18 column (50mmx3.00 mm) using methanol and 10 mM ammonium formate as elution solvents at a flow rate of 500 l/min. The injection volume was 50 µl. The initial eluent condition was 80% methanol/20% buffer that was increased to 85% organic phase during 3 min and then further elevated to 95% during 2 min and was kept at this condition for 2 min. Afterward, the column was equilibrated to the initial condition. Analytes were detected in multiple reaction monitoring (MRM) mode at the following ion transitions and parameter settings: (1) Sample preparation for chromatography started with tissue incubation on ice for 5 min in 100 µl of methanol containing the deuterated internal standards 2-arachidonoylglycerol-d5 (100 ng/ml). After ultrasonic homogenization, samples were centrifuged on an Eppendorf miniSpin microtube centrifuge at 13,400 rpm for 15 min. The supernatants were diluted to initial HPLC eluent composition with 10 mM ammonium formate solution.
In situ hybridization detection of Grm1 and Grm5 mRNAs
Serial, 12 µm thick coronal sections of fresh frozen brains of adult male CD1 mice were cut with a cryostat (Leica Microsystems GmbH, Wetzlar, Germany) through the antero-posterior extent of the median eminence. The sections were mounted on Superfrost Plus slides (Fisher, Hampton, NH), and dried at 42 o C overnight, as described (Hrabovszky and Petersen, 2002 The 18s ribosomal RNA, the actin beta (Actb), the glyceraldehyde-3-phosphate dehydrogenase (Gapdh) and the hypoxanthine-guanine phosphoribosyltransferase (Hprt) served as housekeeping genes, namely, the CT values of each genes of our interest were normalized to the CT value of the geometric mean of these housekeeping genes. Dio2 is known to be expressed by tanycytes (Fekete et al., 2000 , Tu et al., 1997 , and our current immunocytochemical data showed that diacylglycerol lipase alpha (Dagla) is also expressed in tanycytes, thus, these genes served as positive controls. As our in situ hybridization studies demonstrated that the metabotropic glutamate receptor 5 (Grm5) and the metabotropic glutamate receptor 1 (Grm1) are not expressed in tanycytes ( Supplementary Fig. 4 ), the expression levels of these genes were used as a threshold value. Thus, genes that had CT value equal or lower than that of Dagla were considered to be expressed in β-tanycytes, while genes above the threshold of the CT values of Grm5 were considered to be absent in β-tanycytes.
Slice preparation for electrophysiological recordings
The mice were deeply anaesthetized with isoflurane and decapitated. The brains were rapidly removed and immersed in ice-cold slicing solution containing, in mM: 87 NaCl, 2.5 KCl, 0.5 CaCl2, 7 MgCl2, 25 NaHCO3, 25 D-glucose, 1.25 NaH2PO4, 75 sucrose saturated with 95% O2/5% CO2. Coronal 250 µm slices were cut using a VT1200S vibratome (Leica), then the slices were transferred into a holding chamber filled with artificial cerebrospinal fluid (aCSF;
36 °C) containing in mM: 126 NaCl, 2.5 KCl, 26 NaHCO3, 2 CaCl2, 2 MgCl2, 1.25 NaH2PO4, 10 glucose; pH 7.4; 280-300 mOsm/L. The slices were kept in holding solution for at least 1.5 hours and gradually cooled down to room temperature.
Chemicals used for electrophysiology
The chemicals for the intracellular and extracellular solutions, carbenoxolone disodium salt in the experiments was <0.01%. TRH was purchased from Bachem (Switzerland).
Whole-cell patch clamp recording
The membrane potential (MP) was measured immediately after break-in and establishing whole-cell recording in current-clamp mode (I=0). In each series of experiments, a control period was recorded for 2-3 min that was followed by a drug treatment phase for 3-4 min.
During the treatment, the perfusion was opened. The final volume of the drug was 300 μL and the treatment lasted until this volume passed through the recording chamber. The concentration of the drug used in the recording chamber is described in the Results section. The effect of the drugs was examined on the MP of β2-tanycytes. The washout of the drugs restored the MP of β2-tanycytes in all cases.
Outside-out patch clamp recording
To exclude the indirect effect of substances that may be released from neighboring nonneuronal cells, the effect of glutamate was examined using outside-out patch clamp preparations. After establishing stable, whole-cell patch clamp connection, β2-tanycytes were isolated from the tissue by pulling them into the third ventricle. The MP was held at -78 mV and the inward current was measured during glutamate treatment (500 μM).
Examination of the influence of optogenetic activation of the hypophysiotropic TRH axon terminals on the membrane potential of tanycytes
The AAV5.EF1a.DIO.hChR2(H134R)-eYFP.WPRE.hGH virus (Addgene 20298P) was bilaterally injected into the PVN of 19 TRH-IRES-Cre mice. The surgeries were performed in a biosafety level 2 (BSL-2) virus injection facility. The mice were anesthetized (intraperitoneal injection of 25mg/kg xylazine and 125mg/kg ketamine in 0.9% NaCl) and their head positioned in a stereotaxic apparatus (Kopf Instruments, Tujunga, CA, USA) with the Bregma and Lambda in the horizontal plane. Through burr holes in the skull, a glass pipette (20-μm outer tip diameter) connected to a Nanoject II/Nanoliter 2000 microinjector (Drummond Scientific Co.
or WPI Inc.) was lowered into the brain at stereotaxic coordinates corresponding to the two sides of the PVN (anteroposterior: -0.7 mm, mediolateral: + or -0.3mm, dorsoventral: -5.0 mm) based on the atlas of Paxinos and Watson (Paxinos and Watson, 1998) . The virus containing solution was injected bilaterally into the PVN 20nl with 100nl/min and another 30nl with 57nl/sec speed. Three minutes after the injections, the pipettes were removed slowly, the scalp was sutured and the mice were housed in BSL-2 quarantine for 2 weeks. Then the animals were used within two weeks.
On the day of the experiment, the mice were sacrificed and slices were prepared for electrophysiology as described above. Β2-tanycytes were patched and their membrane potential was measured as described above. Carbenoxolone (100 μM) was added to the aCSF to block with Clampfit v10.7 using the average of 10 sweeps. In some of the cells, the effect of photostimulation was also studied in the presence of glutamate receptor (DNQX, 500 µM) and glutamate transporter inhibitors (TBOA, 1mM).
To determine whether the blue laser light can directly influence the tanycytes, control experiment was performed using slices of TRH-IRES-tdTomato mice where the TRH axons contained the tdTomato fluorescent protein.
